Abstract -Many coelenterate species produce toxins in order to capture prey or for defence. Most of them are polypeptides and proteins excepting palytoxin, lophotoxin and a few physiologically less active organic compounds e.g. tetramine,serotonin and histamine. Coelenterates also contain other biologically active compounds e.g. prostaglandins with hormone-cembrene derivates with antitumor activities and proteinase inhibitors.The present state of knowledge on the most important biologically active compounds from coelenterates is reviewed and a new method for the isolation of the caribbean palytoxin (C-PTX) is described.
The phylum Coelenterata is subdivided into three classes (Hydrozoa, Scyphozoa and Anthozoa) including about 9000 known species of which 70 are reported to be injurious to man (Ref. 1) . The stinging abilities of coelenterates are said to have been known to Aristotle (Ref. 2) . The investigation of their toxins began by Richet with the extraction of two toxic compounds (congestin and thalassin) from the tentacles of the sea anemone Anemonia sulcata (Ref. 3) . After repeated injections of sublethal doses of the anemone toxin,congestin, into dogs, Richet discovered incidentally the phenomenon of anaphylaxy (Ref. 4) . Since that time, the isolation and characterization of biologically active compounds from coelenterates has become of interest.
It is beyond the scope of the present work to refer to all the extensive efforts which have been achieved until now on the isolation and characterization of toxins and other biologically active compounds from coelenterates. This is the subject of previous review articles (Ref. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
The aim of the present work is to briefly summarize the most significant efforts which have been achieved up to now on the isolation and characterization of biologically active compounds from the diverse species of the three classes of the phylum Coelenterata, focussing particular attention on the individual origin, chemistry and scientific importance of the coelenterate toxins.
CHEMI STRY
Based on their chemical structure, we can differentiate between the following types of biologically active compounds isolated from coelenterates: quaternary ammonium compounds (e.g. tetramine, anthopleurinét'j, biogenic amines (e.g. histamine. serotonin, dopamine), N-methyl-pyridinium betains (e.g. tngonelline), long -chain aliphatic unsaturated carboxylic acids and their methyl esters (e.g. prostaglandins and their precursors), cyclic diterpene-(cembrene) derivatives (e.g. sarcophine,sinularin, crassin acetate, eunicin, lophotoxin), 1,3,5,7-and 1,3,7,9-tetrazacyclopent-azulens (zooanthoxanthin, paragracine), polypeptides (e.g. neuro-and cardiotoxins and proteinase inhibitors), proteins (e.g. hemolysins, cardiotoxins, enzymes) and polyketid-like polyhydroxy-compounds (palytoxins). Low molecular weight compounds The symptoms of pain, erythema and edema at the site of nematocyst stings led to the early studies on low molecular weight compounds (Mw< 500) of coelenterate toxins (Ref. 83-85 and Table 2 ). From these compounds only serotonin has received particular attention because of its pain-producing and histaminereleasing properties (Ref. 86 ).
In 1969, Weinheimer and Spraggins reported on the occurrence of two new prostaglandin derivates in the gorgonian Plexaura homomalia (Ref. 78, 79) . The dry cortex of this horny coral contains 0.1% 15-epi-PGA, (see Table 2 ) and 1.3% of its 0-acetyl-methylester. These compounds were Mologically inactive, however they could be converted chemically into the highly active PGF2O< (Ref. 87) . The prostaglandins are a group of C unsaturated carboxylic acids with a wide range of hormone-like activities. Their biological activities vary with very slight changes in their structure(Ref. 88 ). Shortly thereafter, two systematic studies began independently of one another in 1971 on the isolation and characterization of toxins from two further coelenterate sreces, in particular from the sea anemone Anemonia sulcata (Ref. 54, 55, 103) and from the zooanthid Palythoa toxica (Itef. 4,104) These studies resulted in the complete punificatfon of the sea anemone toxins (1,11 and III) and of the palytoxin in larger amounts enabling the structure elucidation and extensive physiological and pharmacological investigations.
In spite of the phylogenic relation of these two coelenterate species nia sulcata and Palythoa toxica), the toxins isolated from them proved to be E1Tmically completely different types of compounds: polypeptides in the case of the sea anemones and a polyketid-type polyhydroxy compound in the case of the palythoa specimens.
Altogether twenty two sea anemone toxins and five palytoxins from different sea anemone-and palythoa specimens respectively have been isolated since 1971 (Ref. 20, 45, 47, 49, 50, 62, 64, 66, 67, 69, [70] [71] [72] 75) . All the sea anemone toxins proved to be polypeptides or proteins with molecular weights ranging either from 2000-5500 or from 10,000-25,000 Daltons. The isolated palytoxins were found to be nonprotein-polyhydroxy compounds. They fall under the category of polyketides (Ref. 44, 46) .
The toxins isolated from species of the classes Hydrozoa and Scyphozoa are exclusively proteins with molecular weights higher than 10,000 Daltons. All of these proteins are very labile compounds.In spite of intensive research efforts (Ref. 8, 9) , no toxin of these groups could be completely purified up to now. Toxic polypeptides and proteins According to their molecular weight, we can differentiate between three groups of toxic polypeptides isolated from coelenterates: one group within the molecular weight range of 2000-3000 Daltons, a second group within the molecular weight range of 4000-6000 Daltons and finally a third group of toxic proteins having moleculat weights over 10,000 Daltons (Table 4 ).
The first group includes only three sea anemone toxins: the toxins III and IV from the sea anemone Anemonia sulcata (Ref. 13, 57) The second group of toxic polypeptides presently include fifteen analytically pure and three partially purified sea anemone toxins( , also including that of the smaller molecular ATX III from the first group which is an exception as no evident homology to the sequences of the other four toxins can be detected (Table 3 By means of specific chemica1modifications, toxicity tests on crabs and mice and binding studies to the Na-channel of rat brain synaptosomes, the structure-function relationship of ATX II from Anemonia sulcata has been established (Ref. 111). The most striking result of this stu was the fact that modification of the carboxyl groups of both aspartate residues and that of the C-terminal, resulted in the complete loss of toxicity, but not of the binding properties of the modified ATX II. The proteinase inhibitors of the sea anemone Anemonia sulcata can be isolated simultaneously with its toxins using the same techniques (Ref. 55) .
A NEW METHOD FOR THE ISOLATION OF THE CARRIBBEAN PALYTOXIN (C-PTX)
For over ten years, we have been involved in the isolation and characterization of toxic polypeptides from sea anemones. Recently we wanted to know whether our elaborated techniques for the purification of biologically active polypeptides from sea anemones (Ref. 13, 54, 55, 66, 67, 134) could also be used with a slight modification for the isolation of another type of water soluble coelenterate toxin of higher molecular weight, in particular for the caribbean palytoxin (Ref. 47 ).
Toxin isolation from Palythoa caribaeorum was achieved by the extraction of the toxin with 50% ethanol from the homogenized specimens, gel filtration on Sephadex G SO and ion exchange chromatography on QAE-and SP-Sephadex. The advantage of this method over previous techniques (Ref. 43, 45, 47, 140 ) is the use of gel filtration on Sephadex G50 in the first chromatographic step enabling a highly specific purification of the toxin already at the beginning of the purification procedure. The gel filtration on Biogel P6 is indispensable in order to obtain pure palytoxin C-PTX . The UV-and IR-Spectra of the pure toxin (Ref. 48) proved to be indentical to those of the previously isolated palytoxin (Ref. 47 ).
SEA ANEMONE TOXINS AND PALYTOXIN AS TOOLS FOR PHYSIOLOGICAL, PHARMA-COLOGICAL AND BIOPHYSICAL RESEARCH
The nerve impulse (action potential) is generted by4the flow of sodium and potassium ions through molecular channels (Na and K channels) embedded in the nerve membrane. Any chemical influences on these channels (or the generation of new channels) consequently has a rigorous effect on the nerve conduction. Several toxic natural products (e.g. veratridine, aconitine, batrachotoxin, grayanotoxin, saxitoxin and tetrodotoxin) eert their potent physiological effect by modifying the voltage-sensitive Na channels which are involved in the action potential generation in the nerve, heart and skeletal muscles (Ref. 141). With the isolation of the sea anemone toxin ATX II (and other sea anemone toxins) in our laboratory, the research efforts of cooperating electrophysiologists (Ref. 142-146) and through independent contemporary studies (Ref. 147,148), ATX II was found to be a new tool for the highly specific modification of the sodium channel. It acts on the H-gate of the sodium channel by slowing down the inactivation (Ref. 144,145,148) ; a process which gives rise to the prolongation of the action potential duration (Ref. 142, 143) and to the enormous increase of transmitter release from nerve terminals (Ref. 148, 149) . The pure sea anemone toxin ATX II was also found to be cardiotoxic evoking a dose-dependent, positive inotropic effect even in nanomolar concentrations (Ref. 121,150) . The same effect on the mammalian heart was also reported later for the sea anemone toxin APA which was found twice as potent as ATX II (Ref. 125,126) . The positive inotropic effect of ATX II on the mammalian heart was accompanied by a prolongation of the action potential duration (Ref. 122).
The high affinity of sea anemone toxins for the fast sodium channel, specifically on the inactivation process, and its action on the mammalian heart renders these toxins important tools in the study of the sodium channel (Ref. 19, [151] [152] [153] [154] [155] [156] [157] . ATX II is already commercially available (FERRING GmbH, Wittland 11, 23 Kiel, West Germany).
Apart from certain protein toxins (e.g. botulinus-or tetanus toxin), the palytoxins isolated from marine zooanthid species (genus Palythoa) are the most toxic substances known (Ref. [158] [159] [160] [161] [162] . In mammals, the toxicities (LD) of the palytoxins isolated from different palythoa species range from O.O2S-O.61ug/kg after parenteral application (Ref. 43, 45, 47, 158, 161) exceeding the aveFage toxicity of the sea anemone toxin ATX II, LD50=300,ug/kg mice by a factor of over 1000.
In appropriate concentrations, palytoxins force every contractile organ into contracture (Ref. 158, 159, [162] [163] [164] [165] [166] [167] causing a general depolarisation by increasing the sodium permeability (Ref. 163, 166) . Since the raised sodium permeability through the excitable membranes is only partially suppressed by tetrodotoxin, a general membrane damage induced by the toxin rather than a specific action on the sodium channel may be assumed (Ref. 166, 168) .
Palytoxin proved to be in fact a potent hemolysin, which has a slow course of action and also causes a large prelytic potassiun loss in erythrOcytes (Ref. 
